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The Energy, Food and Water Engineering Research Group is the largest and 

most influential group of its kind on the continent. The group forms part of the School of 

Engineering at the University of KwaZulu-Natal in Pietermarizburg, South Africa. The group of 

Professors, Lecturers, Post-Doctoral, PhD and Masters degree students contribute to the 

development of Engineering and Science research in three main areas of research:  

� Energy and Supply chains in Biomass Production and Processing Systems, 

� Irrigation, Soil & Water Engineering, and 

� Food Process and Postharvest Engineering.  

The group comprises of, among others, specialists in engineering (mainly agricultural 

engineering), hydrology, microbiology, agricultural economics and computer science.  

For more information visit http://efwe.ukzn.ac.za/Homepage.aspx 



New research opportunities for 2014 
The following is a list of potentially funded research opportunities that will be available in 2014 

 

 

 

Review, Updating and/or Developing New Techniques for Design Flood Estimation in South 

Africa and in Data Sparse Regions of Africa 

MSc, MScEng, PhD or post-doc students 

Funding: NRF, UKZN 

 

Many of the techniques and approaches currently used in South Africa to estimate design 

floods which are required for the design of hydraulic structures are based on methods 

developed in the 1970s and 1980s and which utilised data and computing technology 

available at the time. With currently available longer periods of records, computing power, 

GIS and national scale databases, the potential exists for updating the methodologies and/or 

developing new approaches to design flood estimation which could include the potential 

impacts of climate change on the estimation of design floods in South Africa. Opportunities 

also exist to (i) assess the impact of declining observation networks and poor data quality on 

the estimation of design floods and (ii) develop methods for design flood estimation in data 

sparse regions, as typically found in many parts of Africa. 

For further information contact Prof Jeff Smithers (smithers@ukzn.ac.za). 

 

 

 

 



Water Use Quantification 

MSc, MScEng students 

Potential Funding: Water Research Commission; School of Engineering 

 

With the increasing scarcity of water, reliable information on water availability and use is a 

necessary input to water policies that aim to provide equitable and sustainable use and to 

the efficient management of the water resource. Agriculture is the largest water user 

worldwide, so it is important that accurate information on agricultural water use and return 

flows is available for water resource planning and management. There is a need to develop 

an integrated and consistent methodology in order to estimate actual water use. Such an 

integrated system needs to be able to compute the water balance and distinguish between 

different components, i.e. green and blue water, between beneficial consumption, non-

beneficial consumption, between recoverable fraction and non-recoverable fraction and 

changes in storage using consistent and up-to-date databases and information. In this 

project, the use of a water accounting framework is proposed, based on a water balance 

approach to provide a means of quantifying all water fluxes in the hydrological cycle.  The 

approach will be to populate the framework with data from traditional sources of 

information (e.g. Weather Bureau stations, DWA gauging stations etc) and to complement 

this at appropriate spatial and temporal scales with information from remote sensing 

sources. In parallel, a detailed hydrological model will be configured and populated for the 

same study area and will be used to simulate all hydrological fluxes.   

For further information please contact Mr DJ Clark (clarkd@ukzn.ac.za). 

 

 

 

 

 

 

 



 

Modelling Water Table Fluctuations as a Function of Climate, Crop and Edaphic Factors for 

Drainage System Design 

MSc student 

Potential Funding: WRC Drainage Project; School of Engineering 

 

 

Drainage is an essential component of irrigation water management but more often than not 

it is excluded because of the associated additional costs to the project – inclusion of drains 

normally doubles the cost of irrigation development. Current drainage design practices in 

South Africa are now over 25 years old and in need of revision.  The advent of robust 

simulation models like DrainMod, WaSim and SaltMOD can help simplify the design process 

by enabling the running of multiple simulations of field water tables for given climatic, crops 

and soils conditions to satisfy crop production requirements. The project will look at 

modelling water table fluctuations as a function of climate, crop and soil factors to assist in 

drainage system design – drain spacing, drain depth and drain discharge. This will help to 

optimise drain design and thus minimise drain installation costs for farmers. 

For further information contact Dr A Senzanje (senzanjea@ukzn.ac.za) 

 

 
  



Mill Area Scale Sugarcane Operations Modelling 

MSc Eng, MSc Bioresources Systems, PhD students 

Funding: SASRI, NRF-THRIP 

 

Sugarcane production, harvesting, transport and processing form part of a large and complex 

agri-industrial activity. Like many other areas in operations research and logistics, several 

opportunities to improve system efficiency in the sugarcane supply chain exist. These 

operations become more difficult when sugarcane mills are used to generate electricity and 

to produce bio-ethanol. The opportunities are often interwoven between issues on the farm, 

on the transport vehicle and inside the sugar mill. Mathematical modelling has been used 

extensively to integrate the different components of the sugarcane supply chain. In this 

research we use a modular modelling platform with stochastic simulation capabilities. The 

research project will apply the model at all the sugar mills in South Africa and two mills in 

other countries in southern Africa. This project is seeking high calibre MSc and PhD students 

with an interest in logistics, agricultural / industrial engineering and/or operations research. 

Six scholarships are available for students with a background in engineering, agricultural 

economics, supply chain management or a closely related discipline. 

For further information contact Prof CN Bezuidenhout (bezuidenhoutc@ukzn.ac.za) 

 

 

 

 

  



Developing Irrigation Performance Functional Relationships from Irrigation Design and 

Operation Variables 

MSc student 

Potential Funding: School of Engineering 

 

Most relationships used to assess irrigation performance (distribution uniformity, application 

efficiency, requirement efficiency, etc…) are empirical and can only be determined using 

field data after installation and commissioning of the irrigation system.  In reality what would 

be desirable is to be able to predict irrigation performance from design and operational 

variables.   As an example, for a linear move irrigation system, it can reasonably be assumed 

that irrigation performance (P) would be a function of machine speed (v), sprinkler spacing 

(X), sprinkler height (Y), and operating pressure (H) (or sprinkler discharge, q), i.e.: 

P = f(V,X,Y,H) 

The question is; can a functional relationship be established from the above such that 

designers would know a priori irrigation system performance from design and operation 

variables?  That is what this project seeks to investigate for various irrigation systems. 

For further information contact Dr A Senzanje (senzanjea@ukzn.ac.za) 

 

 

 

 

  



Blue Water Management in Revitalised Smallholder Irrigation Schemes for Protective and 

Productive Agricultural Production 

MSc student 

Potential Funding: KZNDA – Zero Hunger Project 

 

The South African government has poured close to 1 billion Rand in the rehabilitation and 

revitalisation of smallholder irrigation schemes in the country under various programmes,  

e.g. RESIS and RESIS-recharge (Dennison, et al. 2007).  The revitalisation programmes 

attempted to be holistic in their approach, from production through to market linkages.  

Interim evidence on the ground seems to point towards low levels of production compared 

to what was expected.  The research in this project will focus on irrigation water (blue water) 

management on select revitalised smallholder irrigation scheme.  This research is driven by 

the fact that in smallholder irrigation, there is no ‘one size fits all’ type of solution. A select 

number of underperforming revitalised smallholder irrigation schemes will be identified and 

be subjected to an interdisciplinary analysis with farmer participation (for problem definition 

and constraints analysis) that will incorporate agronomic, technical, economic and socio-

institutional issues.  A key output of this research will be sustainable water management 

approaches and their documentation, which are suited to individual irrigation schemes’ 

peculiarities, for increased food production. 

For further information contact Dr A Senzanje (senzanjea@ukzn.ac.za) 

 

 

 

  



Adaptability and Adoptability of Soil and Water conservation Practices to Derive Best 

Management Practices for Smallholder Farmers 

MSc student 

Potential Funding: KZNDA – Zero Hunger Project 

 

A substantial amount of research has been carried out in South Africa on various rainwater 

harvesting (in-field and ex-field) and conservation agriculture practices for both smallholder 

and commercial farming.  The ARC-ILI/ISWC centre in Glen, Bloemfontein produced through 

a WRC funded research project a 2 volume report on rainwater harvesting, both theory and 

practice (Botha, et al., 2007).  This research project will seek to use this information to 

characterise select research areas so as to profile them and identify factors and conditions 

that would improve the chances of adaptation and adoption of given Soil Water 

Conservation (SWC) and Conservation Agriculture (CA) practices for the benefit of 

smallholder producers. A key output of this research will be ‘best management practices’ for 

farmers in a given setting to adopt and implement certain SWC and CA practices for 

increased agricultural output.  

For further information contact Dr A Senzanje (senzanjea@ukzn.ac.za) 

 

 
 

  



Non-Thermal Food Processing Operations for Safety Food Production 

MSc Eng student 

 

Research in this new alterative technology is focusing on process design, product 

characterization, and kinetics of microbial inactivation, although not yet well explored. The 

most efficient way of practical applications of pulsed electric field in food processing and 

mechanisms involving microbial destruction or inactivation is still under exploration. 

Furthermore, research on pulsed electric field is required on commercial scale-up, select 

equipment and optimum conditions and validation of the technology with different food 

products. In addition, there is no indication so far on the existence of research on the non-

thermal innovative/alternative new food processing technologies (pulsed electric field, high 

pressure, low temperature plasma and microwave) in South Africa. Thus, this particular 

project may perfectly fit in to play a major role in advancing these frontiers forward in South 

Africa. In this research project, development of laboratory size pulse electric field 

equipment, investigation on biological and biochemical changes associated with a variety of 

South African liquid foods and microbial inactivation kinetics will be explored. Quality 

changes resulting from nanosecond pulsed electric field treatment within a wide parameter 

range of the applied field strength and the expended specific treatment energy can also be 

explored. Finally, basic information that will be generated in the first phase of the study and 

literature information will be used to scale-up the technology for possibilities of commercial 

applications in South Africa and elsewhere. For more information, contact Prof TS Workneh 

(Seyoum@ukzn.ac.za). 

 

 

 

 

  



Development of a Simple and Low-Cost Fruit and Vegetable Hybrid Solar-Biomass Thermal 

Energy Dryer 

MSc Eng student 

 

 

Drying is one of the highly applicable technologies in food processing and preservation and 

an essential process in the preservation of products. Various drying methods and equipment 

are in use to dry different food products. Although, the quality of products increase when 

subjected to industrial drying techniques, their high cost limits their applications. Food 

quality after open sun drying is below standard, although it has cost advantages over 

industrial drying techniques and methods. Improved solar drying techniques have two 

benefits, namely a considerable reduction of the drying time and better product quality. To 

reduce its dependence on solar radiation for operation and to improve the quality of drying, 

a biomass stove - heat exchanger system may be incorporated in s solar type dryer, thus 

converting it to a hybrid dryer. A hybrid dryer with more than one source of heat energy 

would solve the problems that might occur on cloudy days or during rainy seasons. The 

major objective of this project is to design a hybrid dryer by targeting renewable energy 

sources, such as solar and biomass energy to develop a dryer that can be affordable to small 

scale farmers. For further information, contact Prof TS Workneh (Seyoum@ukzn.ac.za). 

 

 

  



Development of a Direct Solar Water Heated Chick Brooder 

MSc Eng student 

 

About 60 % of chicks hatched in rural areas die during the first eight weeks of their life. Hay-

box brooding technology seems promising in bridging this gap. This simple technology 

obtained was well adopted in some parts of Africa. The technology makes use of cheap and 

locally available materials. It deals with insulation and conservation of the metabolic heat of 

the chicks, to keep them warm during the cold periods by using available materials. One of 

the drawbacks associated with this simple technology is external parasites, which tends to 

proliferate in the fibrous, bulky and dry organic substances that are used for insulation. Ants 

also attack the technology and may result in total losses. There is a need to improve the 

existing hay-box chick brooding system. Based on the existing information, a small but 

mechanized-commercial brooding system for smallholders or emerging poultry farmers can 

be designed and developed. Solar energy could be used as a source of heat during cold 

periods of the day or during night by circulating solar heated water. For more information, 

contact Prof TS Workneh (Seyoum@ukzn.ac.za). 

 

 

 

  



Development of Naturally a Ventilated Seed Store for Use under Different Agro-Climatic 

Conditions 

MSc Eng, PhD student 

 

Seed physiology, to a large extent depends on the environmental surroundings.  The primary 

purpose of seed storage is to preserve seeds from one season to the next. Farmers and seed 

companies prefer to store seeds for at least two to three years, to avoid the risk of seed loss 

that can be caused by several factors. Moreover, plant breeders are producing promising plant 

seeds with high yield potential and high nutritive values. One of the challenges is the loss of 

seeds due to the lack of stores that are able to maintain optimum environmental conditions. 

Forced ventilation air conditioning technologies are available. These technologies require high 

initial investments and grid electricity to continuously operate the systems. Across Africa, 

farmers are not yet prepared to invest in modern forced ventilation refrigeration cool seed 

store rooms, given small agricultural production. Lack of electric power supply also adds to the 

problems that farmers, seed suppliers and research institutions are facing. With the current 

focus on local seed, biotechnology and agricultural development initiatives in the continent, 

there is a need to support research institutions and farmers by introducing affordable low-cost, 

naturally ventilated seed stores. There is no proven best seed storage technology that uses a 

simple natural ventilation system, operating without requiring an electrical power supply, 

which is effective to circulate air naturally in seed store rooms and hence, assist in extending 

storage period of seeds without significant losses. The objectives of this study are to develop a 

low-cost naturally ventilated seed store equipped with natural air ventilation systems, to 

develop a direct solar air-naturally ventilated heating system for winter conditions, to develop a 

CFD model for air flow inside a store and to assess performance of the developed low-cost seed 

store room in terms of maintaining seed quality. For further information, contact Prof TS 

Workneh (Seyoum@ukzn.ac.za) or Professor Mark Laing (Laing@ukzn.ac.za). 

 



 

 

 

Development of a Sheller for Bambara groundnut 

MSc Eng, PhD student 

 

Bambara groundnut (Vigna subterranea (L) Verdc) production is widespread throughout Africa. 

Limited research has focused on the science and technology of Bambara groundnut. Few 

research findings implied that Bambara has the potential as a nutritious human food and its 

husk could also be used as animal feed. The Bambara beans are known to be used as human 

food. So far, Bambara research initiatives focused on its agronomic and breeding aspects. 

Bambara beans are de-husked manually. However, the shells are very hard to break, which 

makes de-shelling tedious. Thus, it is clear that development of a Sheller for Bambara 

groundnut is required to assist in the process of promoting use of this Bambara as a potential 

industrial crop. Moreover, the husk could also be reduced into course particulates used as a 

feed for ruminant and monogastric animals. Sufficient information is not yet available on the 

engineering properties of Bambara groundnut. In this case, physical properties of the whole 

Bambara groundnut or Bambara kernel should be determined. In addition, there is no sufficient 

evidence if conventional groundnut shellers can be adopted for Bambara groundnut de-

husking. Literature recommends that more empirical studies be conducted to develop and 

recommend an efficient sheller for Bambara groundnut shelling and cleaning. The aims of this 

project are, therefore, to determine physical properties of Bambara (e.g. maximum 

compression force required to break its shell, size and shape of whole Bambara groundnut and 

kernel), to develop Bambara shellers that encompasses de-husker/sheller, pneumatic Bambara 

kernel cleaner (break Bambara shell, separate shell from kernel based on difference in specific 

gravity) and shell grinder.  

For further information, contact Prof TS Workneh (Seyoum@ukzn.ac.za).or Professor Mark 

Laing (Laing@ukzn.ac.za). 



 

 

Updating Standards for Design of Soil Conservation Systems in South Africa 

MSc, MScEng, PhD or post-doc students 

Funding: UKZN 

 

Soil conservation structures (contour banks and waterways) are necessary to control runoff 

from agricultural land and to limit soil erosion. Approaches to the design of these 

conservation structures in South Africa need to be updated to utilise new developments, 

technology and data which are currently available. It is envisaged that an output from this 

research will be an updated design manual for soil conservation structures in South Africa. 

For further information contact Prof Jeff Smithers (smithers@ukzn.ac.za) or Dr A Senzanje 

(senzanjea@ukzn.ac.za). 

 

 

 

Additional Information for New Students: 

Post graduate students are provided with a personal computer and office space. The university 

normally provides remission of, one year for fulltime MSc students and three years for fulltime 

PhD students. The projects listed above have funding. All research expenses will be covered by 

the School and students qualify for a student bursary of at least  R65 000 per annum. Full access 

to research equipment, e.g. laboratories, library databases, the world wide web, a telephone, 

printing and faxing are provided by the School. In return, post graduate students are required 

to be at their work place from 08:00 to 16:30 and to help with undergraduate tutoring and 

general assistance from time to time. For more information please contact Prof CN 

Bezuidenhout (bezuidenhoutc@ukzn.ac.za) or visit our web pages: http://efwe.ukzn.ac.za/ 


